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« Introductions

OC Parties’ Top 10 Comments

Synoptic ¢

Review

« Transfer Function-Noise Analysis
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Naval Faciliies Engineering Corrmmang
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— Halawa Correctional Facility
» RHTBO1 and RHMW12
 RHMW14

e RHMW13
« RHMW15

- Scheduled for January 21-29, 2019
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1. Predominant F llowing a site tb tween the Navy a dDOH N ember 28,

strike and dip 2018, the AOCPrt agreed upon 2136dg th dp zimuth
of basaltin the | and 2.9 degrees for th e dip magnitude. This tt s being
geologic model incorporated mto a new flow model grid and WI|| also be used for
further evaluatio fp te t I LNAPL migration. Additionally, the Navy
plan t d ct an initial sensitivity analysis for a dip azimuth of

184.6 de g wth d ip ma g nitu d of 5.9 degrees since there is
inherent v. bIty n basalt flows as evidenced by the bimodal
distributions observed as part fth e geologic study.
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2. Saprolite extent
in the interim
model vs.
depths inferred
by seismic
profiling

The Navy has developed a 3-D geologic model that describes the lateral and
vertical extent of saprolite (as well as caprock, marine sediments, tuffs, and
basalt) in the vicinity of Red Hill. This model is based on (a) the seismic
study conducted by Boise State University (Dr. Lee Liberty),

(b) previous geologic studies in the area, and (c) interpretation of boring logs
from key well locations within the area. The Navy has discussed two different
interpretations of the Halawa Deep Monitoring Well (2253-03) boring log for
the saprolite/basalt interface with the AOC parties: (1) DOH’s -5 ft msl and,
(2) the Navy’s interpretation of -55 ft msl. The Navy extrapolated where each
pick would cross the air/groundwater interface (piezometric surface) of the
regional basal aquifer in South Halawa Valley by projecting the base of
saprolite up valley using a 3% slope, which is based on the Oki 2005
estimated projection.

The Navy is developing two saprolite models to represent conditions in
South Halawa Valley. The Navy will use the current interpretation of the
saprolite model, and will evaluate the model’s sensitivity to the DOH
interpretation. Drilling is ongoing in South Halawa Valley, and more is
planned. If new data are not available by the time the October 2019 model is
developed, the Navy plans to use the more conservative interpretation of
saprolite geometry for groundwater flow modeling.
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Response to AQC Parties’ Top 10 Comments ;

th the Interi

4. Representation | As part of the geologic studies previously mentioned, the Navy has

of caprock, developed a 3-D geologic model of the Red Hill area that incorporates all
tuffs, and available geologic information from ongoing studies as well as past studies.
sediments Collaborative feedback from the Regulatory Agencies was considered in

development of this 3-D geologic model, which now incorporates tuffs
(associated with the Honolulu Volcanic Series), basalt, marine sediments,
caprock, and saprolite. Interpretation of the marine limestone caprock
geometry was largely based on borings from Stearns and Chamberlain
(1967). The extent of ash deposits was based on a paper by Pankiwskyj
(1972) as well as data from HART rail borings. The tuff cone vents were
interpreted based on academic research papers on other similar Honolulu
Volcanic Series tuff cones as well as tuff cones outside of Hawaii.

In addition, HART boring logs used by the Navy as part of their geological
evaluation are now available to the Regulatory Agencies for their review.
MVS files (.efb format) have been provided to the Regulatory Agencies and
will continue to be provided periodically as the model is updated. Finally,
marine sediments and tuffs will be modeled as separate layers as part of
the ongoing modeling effort.
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5. Drinking water As part of the post-interim modeling effort progressing toward the
shaft inflows October 2019 model, a sensitivity analysis was conducted related to
non-uniform tunnel inflow at Red Hill Shaft. This modeling effort
demonstrated that the model was insensitive to this factor. This
evaluation was described to the Regulatory Agencies. Additional
sensitivity evaluations considering head dependency and the
synoptic/transfer function noise (TFN) analysis are being conducted
for the current modeling effort as part of a multi-step process. Finally,
the Navy is further evaluating the potential effects of pumping
conditions on water quality at Red Hill Shaft as part of the ongoing

LTM effort.

6. Calibration to As part of the interim modeling effort, dozens of models were
groundwater developed and calibrated. Models that utilized a clinker zone beneath
heads and Red Hill (as part of a sensitivity analysis related to preferential
gradients pathways) had relatively good calibration to heads. A TFN analysis

has been developed, and future modeling efforts will also be
calibrated with respect to TFN-based heads in individual monitoring
wells under a range of pumping conditions.
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Coastal mari Th Navy has described h wth s wa addressed in th p ost-interim
boundaryad mdlwthth Rglt ry Agen Th mdl sitiv t th
discharg e when Red Hill Shaft is p mp ng; howe th mo d lis sitive

t th when Red Hill Shaft is not pumpi ng.The Navy dlscussed thls
with the Regulatory Agencies, and this will be further evaluated in the
October 2019 model.
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8. LNAPL fate and Based on agreements among the AOC Parties in December 2015,
transport the Navy developed a statistical evaluation utilizing a Monte Carlo

approach that considered a range of values related to (a) geologic
properties of the basalt, and (b) LNAPL properties. The basis of this
effort was the Navy’s interpretation of chemistry, natural source-zone
depletion (NSZD) testing, and groundwater data indicating that the
2014 release did not impact groundwater. Additional geologic data
related to petrographic analyses and strike/dip (per the recent
alignment on this issue) will be integrated into the ongoing evaluation
effort. The Navy concurs with the Regulatory Agencies on the
importance of being on the front end of LNAPL transport evaluations
and the need to collaborate on source zone evaluation to ensure
better alignment in determining if a range of releases can be captured
through pumping.
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9. Groundwater The Navy has recently conducted a thorough evaluation of groundwater

data chemistry related to COPCs, non-COPCs (natural attenuation and
groundwater indicator compounds), tentatively identified compounds (TICs),
and inorganic chemistry. This analysis forms the basis of the ongoing LNAPL
evaluation and is proposed to be discussed during the next face-to-face
meeting with the AOC Parties. While there may be multiple interpretations
for individual data sets, the Navy is utilizing multiple lines of evidence for
each analysis to provide a strong basis for the interpretation of groundwater
chemistry.

10. LNAPL and Based on agreements among the AOC Parties in December 2015, additional

dissolved- intrusive investigation within the tank farm would not be conducted due to
phase the potential to create a conduit (preferential pathway) to the underlying
distribution aquifer. As described in the Navy’s response to Comment #9, a holistic

evaluation of groundwater chemistry data (considering COPCs, non-COPCs
(natural attenuation and groundwater indicator compounds), TICs, and
inorganic chemistry) along with the results of various NSZD studies provide
multiple lines of evidence that support the Navy’s current interpretation of
LNAPL and dissolved chemical distribution. While different interpretations of
single data sets may be possible, the use of multiple lines of evidence
provides a very strong basis for the Navy’s interpretation.
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| basal mumr response to pumping from
« BWS Haéawa Shaft

« Navy Alea Shaft

« Navy Red Hill Shaft

« BWS E\ﬁmanaﬂua Wells

« Various pumping condi mmimmb nations
« Non- pump‘ﬁg mﬁd” ions (| ma V)

» @ammﬁétr z:; pressure fluctuations
» Tidal fluctuations
. Ra“ﬂfaﬁﬁ aﬂd streamflow cmﬂd't“m@

perties

® Traﬂsm issiv ity and hydraulic mmum vity
« Storativity
* Ani ﬁmtmpy

ntic Studv data to account for:
® ﬁamm&tr Iic pm%um ﬁﬂuem& on water level data
» Revised estimates of aquifer properties based on corrected water level data
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""""“ﬂé‘vﬁ_z;ﬁgynmgaﬁm Study Data Review:

tric

% B o o = F e w0

Copy your data into this template then prass Gcmpﬁte BRF or Correct YL button. Use Fill GGaps button to interpolate acress gaps in data.

Updste the vellow cells appropriately. This informstion will 52 psssed on to cutput BRF worksheat. Fill Gaps

Comment: & note to vourself 7

Wall: RHRAMA ’

Fater Level Units: fent s Compute BRE

Barometric Pressure Units.  feet : {and correct W i)

Earth Tide Units: . {Mot used if Number of ET Lags = -1}

Sample terval o nosad

Sample Interal Unite: days :

Number of BF Lags: 1 fax BP lag: 0.075388889 days itk colo ot T

Muraber of ET Lags: af dax ETlag 0613085556 days twith selected BRF)
} BRF Data Start: 1411418 12:00 AR '

BRF Data End 111518 950 AN Gy Selected BRF:  BRF 3

Correction Data Start 140018 %00 AT

Corraction Data End: 1419418 10.00 R

Faste your data below these headings {starting in row 204 ET not used if Mumber of ET Lags = -1, Header labels do not affect computations
Time "YWL () “BP {feet! "ET )

L0/ 2018 900 16,3 34.00451 0.334
1/30/2088 9:30 123 34.0032 {1 363
102088 920 1830 3401937 0402
110/ 2058 30 18,30 34 00551 0.436
111042088 9:40 183 3401093 0 443866567
1810/ 2088 950 183 340032 0451333333
1/10/2018 10:00 12,3 34.0008% 0,459
171002088 10 1831 33.99527 3x
13072088 10:20 18,38 3401244
13072088 10:30 1B.3% 33.99858
1410/ 2058 10:40 18.31 3400083
1/10/2018 10:50 12,31 3399356
145042088 1100 18,32 34.0032
13072088 11010 18,32 3401013
13042088 11:20 1B.32) 3398472
14502088 1130 18.33 3399827
1/10/2088 11:40 182,33 3399165
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Supply Well

Red Hill Bulk Fuel
Storage Facility
Boundary

Red Hill Fuel
Storage Tanks
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Synoptic Study Data Review:

Tidal Influence on Manaiki T24
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Synoptic Study Data Review:
Selectin '
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Synoptic Study Data Review:
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" Synoptic Study Data Review:
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lid not improve evaluation of tf
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better resolution of aquifer properties:

Neuman (1 @m
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Mean

Drawdown

Effective
Transmissivity
(ft2/d)

891,000

Apparent
Storativity

0.04

Recove

Effective
Transmissivity
(ft2/d)

520,000

Apparent
Storativity

0.03

Effective
Transmissivity
(ft2/d)

725,000

Drawdown

Apparent
Storativity

0.04

Recove

By
=
0 = Es
=t =2
® EQ S
d—_" S
0 & -
l._.

Minimum

607,000

0.01

353,000

0.01

657,000

0.02

Minimum

409,000

0.02

402,000

0.01

585,000

0.02

ll\/linimum

409,000

0.02

384,000

0.01

589,000

0.02

708,000 0.02

lMaximum

1,340,000

0.16

803,000

0.13

750,000

0.19

1,260,000 0.38

* Yellow boxes indicate where Theis was matched once for both

drawdown and recovery, instead of two individual analyses.
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consid

Barometric pressure influence on observed water level
fluctuations

- Tidal influence on observed water level fluctuations

Refined analyses resulted
iuifer properties

derived

interpretations
Mutch (2005)
—Hantush and Thomas (1966
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— Independent validation of groundwater model predictions
— Estimation of equivalent aquifer hydraulic properties

- Evaluation of aquifer anisotropy
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d dividual impact of known stresses
(e.g., pumping at Halawa Shaft and at Red Hill Shaft; barometric
pressure, earth tides) at various time scales, on the synoptic water
level data at the various monitoring wells (receptors)

~ Quantification of the magnitude of the unexplained water level
variations

E@mﬁ&; evaluate against combined signal of all synoptic pumping.

— Signal strength of a particular stress to a particular receptor
(e.g., RHMWQ7 response is similar to barometric fluctuations and
does not resemble the pumping signatures at Red Hill Shaft and
Halawa Shaft)

— Estimates of equivalent transmissivity between different stress
(pumping well) locations and observation wells indicating
heterogeneity, anisotropy, and parameter ranges
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2 R Wevatectiiioaion

Mulliple sources and
ultiple observations

» Analogous to recording
videos from different
angles with known and
unknown light sources
flickering at different
frequencies, durations,
and intensities.
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" TEN Analysis:
stimation of
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ep Response Functions for Groundwater
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Noise
Model

X; Dynamic :
——# Response S b
Model

Output = dynamic component + noise
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" TFN Analysis:
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nping sources
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Hantush, Theis, Ttim

ED_006532_00002904-00064



TFN Analysis:
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Azimuth of minor principal direction
= 145 degrees (325 degrees)
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{cont.)

Azimuth of major principal direction
= 0 degrees (180 degrees)

Azimuth of minor principal direction
= 90 degrees (270 degrees)
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{cont.)

Azimuth of major principal direction
= 55 degrees (235 degrees)

Azimuth of minor principal direction
= 145 degrees (325 degrees)
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Quadtree grid aligned with 213.6-degree dip azimuth
Grid Levels;:

— Parent ¢

—Level 1 =250 f

~Level 2="125 f

« NW and SE boundaries

Tuff cone perimeter
Red Hill ridge
Adjacent ridges
Area of interest

Saprolite extent based on two different depths as interpreted at Halawa
Deep Monitoring Well (2253-03)

= Marine caprock limesione extent
- Level 3 = 62.5 ft

* Pumping wells
~Level 4 = 31.25 f

» Red Hill Shaft

+ Halawa Shaft
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odel Update Progress:

Red Hill Bulk Fuel
Storage Facility
Boundary

The grid refinement is the same for all layers, with Azimuth=213.6
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Red Mill Bulk Fuel
Storage Facility
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